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MEASURING SEEPAGE LOSS IN I[RRIGATION CANALS 

INTRODUCTION 

Seepage loss  from canals is  a problem of concern t o  i r r igd t ion  engineers. 
The i q o r t a n c e  of knowing accurately the xmgnitude of such losses  has 
increased with the  need for  utmost conservation of our water and land 
resources. 

To coneerve water and prevent land damage, a par t  or a l l  of the canal 
or l a t e r a l  m y  require some form of l ining. Need f o r  the  l i n ing  can 
often be determined only through seepage l o s s  measurements i n  the  unlined 
canal. When a need is indicated, t he  l i n i n g  m y  be of natural  or manu- 
factured m t e r i a l s  and a f t e r  placement t h e i r  effectiveness i n  seepage 
reduction must be evaluated. 

Seepage loss  measurements my be made on the en t i r e  system, on long 
reaches of a conveyence o r  on points i n  a canal selected i n  a mnner 
such t h a t  the r e s u l t s  w i l l  be representative of larger  areas.  It is  
no t  t h e  purpose of t h i s  re?ort  t o  discuss the  mny fac tors  t o  be considered 
and the  means of select ing the  bes t  method f o r  use under par t icu lar  f i e l d  
conditions, but ra ther  t o  describe procedures f o r  conducting t e s t s  using 
cer ta in  mthods. The suggestions i n  the report  have been compiled t o  
assure a cer ta in  degree of uniformity i n  t e s t ing  and r e su l t s ,  so that 
comparisons of dats. from these tests m y  be made with l i t t l e  apprehension 
t h a t  differences i n  tes t ing  techniques a r e  responsible f o r  excessive 
experimental errors. 

There a r e  several  known methods fo r  determining s e e p g e  losses  and others 
a r e  i n  process of development, However, a t  present, there  a r e  three 
generally used methods f o r  determining losses quantitatively; panding, 
see-age meter, and inflow-outflow. Of these three, suff icf  en t  information 
is avai lable  t o  gresent a general procedure f o r  conducting seepage l o s s  
tests by the ponding and seepage meter methods. There i a  insuf f ic ien t  
informatton presently avhilable t o  es tab l i sh  the  bes t  procedure f o r  t he  
inflow- outf lov method. 

%ny fac tors  a f f e c t  the r a t e  of s e e p g e  lo s s  from a canal. Some of the  
more obvious ones a r e  l i s t e d  here: 



2. De$h of water 
3. Wetted area 
4. Location of water t ab l e  r e l a t i v e  t o  c a m 1  inver t  
5 .  Slops of subgrade s o i l  s t ruc ture  
6. Flow veloci ty  
7. S o i l  and water temperatures 
8. Entrained a i r  i n  s o i l  t 

9. Ground-water inflow 
10. Atmospheric aressure 
11. S o i l  and m t e r  chemistry 8 

12. Capillary a t t r ac t ion  

The r e l a t i v e  importance of each has not been de f in i t e ly  determined, 
though it is  knom t h a t  one m y  of f se t  another, and some k y  even 
a l t e rna t e ly  produce an increase and a decrease i n  seepage ra te .  

With so mny variables operating, it is considered impossible t o  
wri te  sim?le equations expressing t h e  interrela t ionships  which mry 
exis t .  The theore t ica l  appcach  t o  computing seepage losses  must then 
be supplanted with empirical methods. 

SECTION I--PONDING METHOD 

General - - 
l'r 

!Che ponding method o f f e r s  ihe mst accurate mans now known f o r  
es tabl ishing r a t e s  of loss .  ' Various techniques of conducting ponding 
t e s t s  will be discussed i n  t h i s  section f o r  t h e  purpose of enebling f i e l d  
engineers t o  mike t e s t s  on canals under t h e i r  supervision. 

Selection of t he  Test S i t e  -- 
Several fac tors  m y  enter i n t o  the  select ion of a t e s t  s i t e .  The pur?ose 
f o r  the  t e s t  m y  automatical% d i c t a t e  t he  site. For example, i f  crop- 
lands adjacent t o  a cer ta in  length of canal have become waterlogged, o r  
the  water t ab l e  bas riser! t o  a l e v e l  which i s  causing crop damge, then 
the t e s t  reach should probably p a r a l l e l  the  affected properties. If t h e  
purpose is t o  learn the  effectiveness of a l in ing  method o r  m t e r i s l ,  o r  
t o  determine a l o s s  r a t e  f o r  a par t icu la r  s o i l  type, more l a t i t ude  my 
be allowed i n  placement of a pond. In cases where the  canal is a proposec 
one, a representative section along or  near the  fu ture  center l ine  can be 
chosen, and the  spec i f ic  locat ion w i l l  probably not be c r i t i c a l .  

C 

A s  a general ru le ,  it is desirable  t o  a m i d  select ing a reach along a 
curve i n  t he  canal. Sections i n  which there  Is a s teep slope t o  t h e  
na tura l  topogaphy traversed should a l s o  be careful ly  considered before 
select ion as a pond s i t e .  If possible, the  pond should be f r e e  from * 
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This i s  p r t i c u l a r l y  t rue  if the  measured seepage r a t e s  a r e  t o  be con- 
sidered a s  representative of a cer ta in  s o i l  type. A t e s t  section without 
turnouts i s  bet ter  than one with such devices since they a r e  sources of 
leakage, and it m y  be d i f f i c u l t  t o  evaluate the  r a t e s  of l o s s  through 
them, * / 

b' 
%st canals have a service road which para l l e l s  the  eanaf, and it w i l l  
usually accommodate passenger cars and pickup trucks. If the  a n a l  is 
small, required nmsterials fo r  construction of the pond can be hauled by 
these vehicles. When'the canal is large, motorized quipment, such as 
power shovel, dragline, bulldozer, and t r a i l e r  p q s ,  must be transported 
t o  the s i t e .  Roads capable of withstanding t h i s  heavy equipment a r e  then 
necessary, and remote locations m y  be ruled out. 

When the  pond is t o  be formed d t h  two ear th  dikes, the  ava i l ab i l i t y  of 
m t e r i a l  f o r  the dikes nmsg be an important fac tor  i n  select ing the  site. 
Even if loca l  f i l l  d i r t  is readi ly  available,  it m y  be necessary t o  
loca ts  elsewhere m t e r i a l s  t h a t  can be adequately compacted t o  s e a l  %he 
dike from leakage. 

The lefigth of the pond i s  another important fac tor  t o  be considered. 
'hen the  pond i s  t o  be b u i l t  with two ear th  dikes, the  t e s t  engineer m y  
a r b i t r a r i l y  choose the length of the  site, whereas he m y  f ind  some 
re s t r i c t ion  i n  choice where the  pond mast be upstream of a check structure.  
In general, the  length should be great enough t o  mike the  SXIA of the  pond 
end areas a very smll  percentage of the  t o t a l  wetted area. Since the  
seepage per un i t  area through or under temporary dikes can be greater than 
&rough a un i t  area of the bottom or sides  of the  canal, the  effect7'"uf the 
dispar i ty  i n  r a t e s  of l o s s  can be minimized by observing t h i s  ?recaut~pn. 

L 

A s  guides to  se t t i ng  the  length, a test i n  a canal dth a bottom:vldth'';, 
16 f e e t  a s  xmde i n  a pond 1,400 f e e t  long; and i n  another b3th a bottoi? 
width of 26 fee t ,  the t e s t  pond was 800 f e e t  long. The pond end areas  L,? 
t he  f irst  canal were about 0.4 percent of the  wetted area,  and the cor- 
reaponding f igure i n  the second canal was l e s s  than 1.5 percent. The 
la rger  the canal t h e  more d i f f i c u l t  it m y  be t o  select a long s i t e  f r e e  
of turnouts, bridge crossings, and curves. 

Where a pond is formed above a check, it m y  be necessary t o  use a dike 
a t  the  upstream end t o  avoid excessive length and the possfb i l i ty  t h a t  
t he  canal grade w i l l  r e s u l t  i n  near-zero depth.at  the  upstream end with 
design depth a t  the  downstream end. It m y  be advantageous t o  pond the  
section upstream of a check drop i n  a s e r i e s  of auch s t ruc tures  where 
the  distance between any two is not great  enough t o  make the  grade effect 
sizi3us,  



Three methods or  combinations thereof m y  be used t o  create  t h e  ponded 
section. Which of these is used w i l l  depend p r i m r i l y  on the  s i z e  of 
the canal. F i r s t ,  dams may be b u i l t  of canvas held in place by a timber 
a t  the  top and d i r t  t h r o m  along the  edge ou the  cross section, Figure 1. 
Such darns a h  necessarily r e s t r i c t ed  t o  small. conveyances where the  water 
depth i s  l e s s  tlmn about 2 fee t .  A heavy-weight canvas t rea ted  with wiiticir- e 

>roofing w i l l  usually function with a minimum of leakage. lieavy p l a s t i c  
mi te r ia l  may a l s o  be used. 

In the  second method the pond may be constructed with ear th  dikes a t  
each end, Figures 2 and 3. There seems t o  be no p rac t i ca l  l i m i t  t o  the  
s ize  of a n a l  i n  which t h i s  method i s  sat isfactory,  though the  larger  
the canal t he  greater must be t he  care taken building each dike. For 
an average size canal, Figure 2, the  mster ia l  i s  usually pushed in to  
place with a dozer. If the  canal i s  dry during dike construction, t he  
dozer can compact the  s o i l  b ~ r  repeated t r i p s  back and f o r t h  across shallow 
l i f t s .  Restr ic t ing each l i f t  t o  6 o r  8 inches w i l l n n k e  it possible t o  
secure adequate compsction i n  t h i s  mnner. When the  canal contains water, 
care must be taken by the  dozer operator not t o  attempt compaction u n t i l  
the  movement of water past  the  dike has been sto?ped and 'the base width 
i s  su f f i c i en t  t o  resist unrestr ic ted spreading of the  f i l l  from the  weight 
of the  dozer. Natural s o i l  moisture is usually suf f ic ien t  t o  a t t a i n  
reasonable compaction. 

One method used t o  elinlimteTleakage from the  ends of the  pond, and 
thereby reduce experimental error ,  is  t o  cover t he  i n t e r io r  s ides  of t he  
dikes with sheet p l a s t i c  from 4 t o  8 mils thick. The p l a s t i c  must be 
placed before f i l l i n g  the pond; the  edges can be held in place by 
shoveling d i r t  over 'them, being careful  not  t o  puncture t h e  sheet. This 
treatment i s  of par t icu la r  value where the  only read i ly  avai lable  f i l l  
is  perzeable, such a s  various types of sandy so i l .  A dike so const:ructed 
w i l l  require  considerably l e s s  yardage :for s t a b i l i t y  than one without a 
p l a s t i c  cover. 

A s  the  s i z e  of  the dikes required becomes larger ,  Figure 3, greater care 
i n  construction is advisable. In  an unlined o r  e a r t k l i n e d  canal, a c u b  
off trench should be excavated along the cross section t o  allow placement 8 

and compaction of selected so i l .  This trench destroys any.:thfn layer of 
materials which because of gradation, organic content, and moisture 
condition, nay provide r e l a t i v e l y  low resis tance t o  horizontal  shear . 
forces between the dike aod subgrade. It a l s o  a c t s  t o  key the  compacted 
soil above in to  the  subgrade, and the percolation path under the  dike is 
lengthened. Caro should be taken t o  give su f f i c i en t  base width t o  t h e  
dilce, and the  slopes of t h e  f i l l  should not be so steep as t o  encourage 
slippage of large nntsses of s o i l  i n to  the  pond when the  slopes become 
saturated. The space r e w i r e d  f o r  p q i n g  equipment i n  t e s t s  wliere the  
pond i s  f i l l e d  from a reserve a t e r  supply i n  t he  canal m y  d i c t a t e  the 



td be ins ta l led  i n  a concrete-lined canal, it ie impracticable t o  
excavate a cutoff trench. The baee width of t he  dike must then be . . 
g r a t  enough t o  withstand the hydrostatla pressure i n  the  pond, t o  mske 
percolation" 'paths so long t h a t  leakage i s  reduced t o  a negl igible  amount 
and pip ing along the  l i n e  of contact w i l l  not b e ~ a n t i c t p t s d ,  

I n  the  case where water must be passed though a dike t o  f i l l  a pond, 
or t o  pase water t o  another pond downetream, it will be necesrsary t o  
i n s t a l l  gated culvert  pipe. The elevation of t h i s  pipe w e t  be under 
the  minimum water surface t o  be uaed i n  the t e s t s ,  low enough t o  obtain 
the advantage of head i n  t ransfer  of m t e r ,  but high enough t o  allow 
convenient access t o  t he  gate wheel. The culvert  should be provided 

i 

with one or  more cutoff col lars ,  and t h e  surrounding rmter ia ls  must be 
carefully cowacted t o  prevent piping along the corrugations. 

\ , :?s5 

I n  sml l  o r  medium s i z e  canals, it i s  posGible t o  pass water over a n  
ear th  dike protected with sheet p las t ic .  Thickness of 4 mils or  greater 
w i l l  be s a t i s f a c t ~ r y .  The e n t i r e  dike must be covered f romups t reamto  
downstream inver ts ,  and. the  p l a s t i c  should extend along the  canal s ides  
f a r  enough t o  a?;7-.**-,'?v L - .  t o  be held firmly i n  place u i th  f i l l  d i r t .  The 
jo ints  should be:,;," mse  t o  the  direct ion of flow, and a lap  of not 
l e s s  t t a n  1 foot  i s  n~cessary .  If p l a s t i c  cement i s  avai lable ,  over- 
lapping sheets my be joined. Placing of the  sheets should proceed from 
downstream t o  upstream so t h a t  the  downstream edge of one sheet w i l l  lap 
over the  upstream edge of the  next sheet. I n s t a l l a t i on  i n  t h i s  manner 
w i l l  prevent t he  water from flowing under and tear ing a sheet. Flow 
over the  dike should be l imited t o  prevent excessive erosion by the  
velocity on the  downstream side of the dike. 

When water is t o  be stored i n  a pond above the  upstream dike f o r  use i n  
subsequent refilling of the  t e s t  section, it may be desirable  t o  construct 
2 dikes, one t o  i s o l a t e  t h e  t e s t  reach and another t o  observe t h e  water- 
t ightness  of the  first dike, Figure 3. If t h i s  i s  done, the  dikes should 
be constructed so t h a t  the  toes  of facing slopes a r e  separated a few feet: 

In  the t h i r d  method exis t ing check s t ruc tures  or  check drops m y  be used 
t o  pond water, Figure 4A. In the case i l l u s t r a t ed ,  2 by 6 planking was /; 

placed i n  the stoplog s lo t s .  Canvas was draped over t he  upstream s ide  
t o  cover open joints  and t o  prevent leakage around the  ends of the  planks. 
The canvas was held i n  place along the  edges and bottom by s o i l  packed 
against  It. Sheet p l a s t i c  m y  be subst i tuted f o r  canvas t o  cover the  
joints.  If no upstream dike is constructed, the pond w i l l  necessari ly 
extend toward the  preceding check structure.  Such a pond m y  be qu i t e  
long and not provide e reasonable uniformity of depth. (z 

0. % 

_nr 

If the  check i s  gated, it will probably be necessary t o  seal each gate 
against l a k a k a ,  either by using canvas a s  above or by packing the  gate  
with a watertight mi te r ia l  such as oakum. 



td develop informt ion  f o r  the  design. Construction of the  pond i n  t h i s  
case does not correspond to any of the three t m e s  discussed above. 
Figure L+B show one such instAUation i n  which a 200-foot~loug pond was 
located near 'the centerl ine of the  proposed a n a l .  The agpqoximte cross 
section of an 8-foot-bottom-width canal was excavated t o  the  anticipated 
design elevation. This pond was large enough ta yie ld  satisfactory r e s u l t s  
when progarly interpreted.  Trial cross sections t h a t  have bottom widths 
not representative of the  proposed design, and water and/or excavation f 

depths t h a t  s r e  not tboae of design, should be avoided. Any extrapola- 
t i on  of such dimensions and corresponding seepage r a t e s  would be very 
risky. 

Ins ta l l inp  Test Equipment 
7 

The equipment needed t o  conduct ponding tests i s . s h p l e  t o  operate, but 
precautions should be observed when i n s t a l l i n g  it. The equipment consis ts  
of two hook and tvo s t a f f  gages, s t i l l i n g  wells f o r  the  hook gages, and 
i n  some locations an evaporation pan. A hook and a staff gage a r e  
paired f o r  use a t  the  upstream and downstream ends of the  pond. The 
hook gage i s  a laboratory-type gage and can be read t o  0.001 foot  with 
the a i d  of a vernier. The staff gage is a standard enameled gsgz" 
frequently used on i r r i ga t ion  pro jec t s  t o  indicate  water depths, and 
scaled to 0.01 foot.  Figure 5 shows both gages. 3 m  

Each e g e  should be referenced by survey t o  canal elevations so t h a t  
depths i n  the  pond can be computed f o r  comparison with design depth: 
The gages a r e  ins ta l led  on v e r t i c a l  uprights (2 by 4 or  l, by 4 timbers) 
t h a t  have been firmly positioned near the edge of the  pond. If' the  
canal i s  small, the upright can be placed so  t h a t  an access platform 
i s  not needed t o  read the gages, Figure 6A. When the  subgrade is 
saturated, it m y  be possible t o  dr ive the  timber i n  place, though care 
must be taken t o  keep it- ve r t i ca l .  To posi t ion a 4 by 4, a hole should 
be sugered with a post-hole digger and the  timber held v e r t i c a l  while 
s o i l  is  tamped around it. 

In la rger  canals, a wfilkuay will probably be needed t o  reach the  gages, 
Figure 6B. Under no circumstances should t h e  tbber f o r  gages be an 
in t eg ra l  pr t  of the mlkmy friixtng, since repeated trips over the  
walkway t o  read the gages would force the  upright i n to  the subgrade 
and destroy any i n i t i a l  correla t ion of elevations. 

Two s e t s  of hook and s taff  gages should be used. The staff gage reading b 

can serve a s  a rough check of t he  hook gage reeding, and should the hook 
gage be accidentally disturbed, the  staff gage can be read u n t i l a  
resurvey establ ishes  a new reference on the  hook. lXrring windstorms, 
the wter surface of the  pond my not be horizontal  throughout the  length 
of the  pond; therefore, by having gages a t  each end, average water 
surface elevations can be determined. 

6 



of the hook d i f f i cu l t .  A s t i l l i n g  well  around the hook should be pro- 
vided t o  minimize the movement. While elaborate ghopmde s t i l l i n g  
wells have been used, one or more l e n g t h  of 6-inch-diameter stove pipe 
w i l l  serve the purpose qu i te  well. Because of the  nominal cost  of t he  
pipes., 'they m y  be discarded following e tes t  with no great f i nanc ia l  
loss.' The stove pipe i e  usually nailed t o  t he  'gage timber a t  tap an8 

T bottom. To r e ~ t r i c t  flow o f  w t e r  i n t o  and out ,of the  pipe, the lower 
end should be crimped nearly shut, A damping ef fect  is t h u ~  achieved 
which greatly reduces the  rim and f a l l  of the wter i n  t h e  pipe cow 
pared t o  t h e  f luctuat ions  i n  t he  pond. Figure 6A shows one such 
ins ta l la t ion .  

There w i l l  be evaporation from the  pond surface. Whether t h e  r a t e  of 

~ l o s s  i s  suff ic ient  fo r  recognition i n  seepage r a t e  conpubtions will 
depend on a number of factors.  If a t e s t  is performed during w a r m  t o  
hot  weather, it m y  be necessary t o  measure evaporation. However, i n  
a canal with a high lo s s  r a t e ,  1.5 cfd and higher, correction of the  
water surface elevation f o r  evaporation m y  be negligible even during 
hot weather. On the other hand, i n  a canal with a low los s  r a t e ,  the  
evaporation correction m y  be s ign i f ican t  even during periods of cool 
weather. 

,Rrior t o  s t a r t i ng  t e s t s  the expected evaporation r a t e  should be r e l a t ed  
t o  a rough e s t i m t e  of see-page ra te .  Good judgment must be exercised by 
the t e s t  engineer i n  deciding on the necessity f o r  evaporation measure- 
ments. Figure 7A shows a temporary in s t a l l a t i on  with a n  eva?oration pan 
adjacent t o  the  pond, and Figure 7B i l l u s t r a t e s  a more elaborate setup 
with a similar pan positioned i n  the center of a t e s t  2ond. The latter 
in s t a l l a t i on  w i l l  produce m.Fe accurate r a t e s  of l o s s  since the  water  
l eve ls  i n  pan and pond a r e  nearly the same, t he  temperatures of both 
bodies of water a r e  nearly equal, and the  same amkfent humidity a f f e c t s  
the  two surfaces, In  man). locations evaporation r a t e s  m y  be obtained 
from a nearby weather s ta t ion.  Good .judgment should be exercised t o  
insure t h t  the  r a t e s  obtained from the  s t a t i on  w i l l  be representative 
of those a t  t he  t e s t  s i t e .  

Survevin~ the  Pond -- 
A survey t o  es tabl ish accurately the  length and shqe of the  pond is 
required. If the pond is isolated with water i n  the  canal, the  survey 

4 must be done a f t e r  the t e s t s  are completed and the  uater bas drained 
away. If the  pond is b u i l t  i n  a dry canal, it w i l l  be of advantage to-' 
survey beii'sre f i l l i n g  the  pond t o  enable simultaneous t e s t i ng  and cowd 
puting of necessary data from the  survey notes. ~ t ' t h e  conclusion of 
the  ponding t e s t s ,  cooputation of seepage r a t e s  m y  proceed without 
delay. 



concrete-lined canals  will probably require pond length ma surement 
but very few cross sections need be measured t o  establish the ae-built  
shape. If a recently b u i l t  canal is earth or earth-lined w i t h  l i t t l e  
eroaion or deposition of xmterials, the cross section may conform.closely 
to  the design shape. In t h i s  case, the cross section should be checked 
a t  a few stations and the length measured. 

,z * 
Where detailed survey i s  required in older earth canals, cross sections 
should be taken every 50 f e e t  and eJevations measured to,-within 0.1 foot. 
The survey should establish the configuration for  a t  leasf: 1 foot i n  
elevation above the anticipated vtter t e s t  level. Any brBk i n  the 
section should be notad i n  the survey. 

If the pond is short, 1,000 f e e t  or less,  consideration should be given 
to  taking cross sections every 25 t o  50 f e e t  t o  establish bet ter  erea 
arid volume accuracy. When the pond is veqj long, such as one which has 
been created upstream of a check structure i n  a canal with a very gradual 
slope, cross sections every 100 f e e t  my be reasonable. 

The age of the a.?al ]my a l so  be used a s  a cr i ter ion i n  deciding a t  what 
intervals t o  cross section. In a new canal with l i t t l e  erosion or 
deposition, the intervals m y  be lengthened; i n  a cam1 tha t  has beec i n  
service xmny seasons, the intervals required m y  be short to  obtain a 
satisfactory record of shape. Test personnel must use the i r  best judgment 
to  secure measurements of appropriate accuracy. 

Con~ltruction survey records a n  prolably be used t o  establish bench m r k  
elevations on nearb7 structures. These benches can be used to  reference 
each hook gage point and the s taff  gages. Along very old muds f% m y  be 
necessary t o  run a level circuit fr,pm a brass-cap bench mark to temporary 
bench marks near each end of ,the pond. The order of accuracy need not be 
high; a closure on the c i rcu i t  of 0.03 foot shou.ld be sa t i s fac toq .  A 
check on the hook elevations may be made when the pond -tar surface is 
absolutely stJ.11 on a calm day. 

O b s e r ~ t i a d  Wells 

The use of u b ~  
the added expense. 
t o  locate the ua 
from uphi l l  t o  

The we116 should be d r i l l e d  during construction of the pond before It '-ks 
f i l l e d  with water. If the subsurface m t c r h l  is cohesive enough, a 2- 
t o  ,$-inch hole dr i l led  with a rotary pas,Ghole digger lay r e m i n  clear 
fo r  the duration of the tes ts .  Should the hole cave i n  rapidly, it my 
.be necessary t o  use driven well points a s  piezometers, and t o  forego 
the opportunity t o  log the mte r i a l s .  



inver t  t o  the wter L b l e  if the  table is n i t  an  excessive distance 
below the  canal bed. A hole depth of 10 f e e t  w i l l  be a t i s f a c t o r y  i f  
the s ter  tab le  is not encountered a t  shallower de?ths. Any holes along 
centerline must be hackfil led and tamped before f i l l i n g  the  pond. 

If the  pond is located on a hi l le ids ,  it m y  be necsssaz7 t o  d r i l l  wells 
on the  uph i l l  and downhi1 1 sides; i n  r e l a t ive ly  flat torrein, welfs on 
e l ther  s ide of the pond my be sufficient.  

Each well should be provided with a reference stake or  pipe on which a n  
elevation cnn be established f o r  correlating a l l  witer surface measure 
ments. !later surface elevations i n  the  wells shoxild be determined before 
the  t e s t s  begin f o r  c o q r i s o n  ui'.h any increase t h a t  occurs during t h e  
tes t s .  -henever t h e  hook gages in the  pond a r e  read, the mter surfaces 
i n  the wells should be measured by s t e e l  tape or other method from t h e  
reference elevation and the  measurement recorded. 

F i l l inn  the Pond 

Gravity flow or pumping m y  be used t o  f i l l  the t e s t  pond. The method 
vill dspend on the  conditions that prevail  a t  the site and the  size of 
the  oeml. The following possible courses of ac t ion  a r e  suggested: 

1. I n s t a l l  the downstream control of t be  pond, f i l l  t he  s i t e  t o  t h e  
o?erat.ing l eve l  gravity, and then i n s t a l l  t he  upstream control to 
complete the pond. 

2. In a se r ies  of ponds, fill the  reach of a n a l  by gravity t o  t h e  
ugstream dike of the  upstream pond, and allow water t o  f l a w  through 
gated culverts in the  dikes t o  downstream sites. 

3.a. Build both dikes in a dry k n a l ,  r e l ease  water to form a supply 
reservoir a t  t h e  upstream dike, and pump t h e  m t e r  over t he  dike i n to  
the  pond. 

3.b. Allow water t o  flow Snto the  pond by gravity over a dike covered 
with plast ic .  

4. After seal ing one or more check s t ructures ,  re lease  w t e r  u n t i l  
it flows over the  stoplogs a t  t he  checks; stop the  inflow and, if 
required, build upstream dikes t o  complete the  ponds. 

5 .  P u p  uater i n t o  the  pond from some source not associated w i t h  
the  cam1 or l a t e r a l .  

s t  suggestion (1) can be applisd t o  sml l  canals or l a t e ra l s .  
The larger  the canal the m r e  d i f f i c u l t  it i s  t o  i n s t a l l  a control i n  

/: 

,+ 
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contra1 me  flow so tha t  it does no% overtop the upstream control of 
a pond. If it is necessary t o  r e f i l l  the pand a f t e r  a predetermined 
drop i n  level, water inpounded in  the canal can be p q e d  in to  the  pond. 

The second suggestion (2) is applicable where more a n .  one pond i s  to 
be tested and the dletance between ponds is  not exceseive. Where there 
is storage between ponds, it my be pumped aa re f i l l  fo r  a t e e t  p o d .  , 

The course of action i n  3.a. is commnly used i n  large canals where it 
my be imposeible because of width and depth t o  proceed according to (I), 
or where the volume 02 ater required t o  f i l l  the canal t o  a single 
dike would be excessive *om either a 2rac t ica l  or an economic standpoint. 

The procedure i n  3.b. can be used i n  -11 k, mdium size canals where 
the overflowing head can be limited t o  prevent erosion. If two earth 
dikes form a'pond, and this procedure i a  t o  be used, it is vise to cover 
both dikes with p las t ic  i n  case inflow cannot be controlled accurately 
and rapidly enough t o  prevent overtopping of the downstream dike. 

The suggestion in 4. can be used only when check structwes a re  properly 
situated. If the canal grade and length between checks a r e  such tha t  
the pond depth would be shallow a t  the upstream end, it m y  be necessary 
t o  i n s t a l l  a dike a t  some intermediate station. In a series  of check 
drops, an appropriate length could be selected fo r  test ing and the  
upstream sections checked fo r  storage i n  r e f i l l i n g  the pond. 

The situation which gave r i s e  t o  suggestion 5.  i s  encountered i n  ponding 
along a proposed canal location. Water may be available from a nearby 
well, stream, lake, or  i n  an extreme case the water could be hauled to 
the pond in  tank trucks, 

In axq ponding teert, it is  wise t o  plan on f i l l i n g  the pond a t  * l ea s t  
twice, and if the t e s t  reach i s  known t o  leak appreciably, proviiion 
should be made fo r  a third f i l l ing .  OnQr by repeatedly f i l l i n g  the 
pond can one be reasonably sure that  bsnk storage has been sa t i s f ied  
and that paths of percolation are  a8 ac t ive  a s  in an operating canal. 

The starting depth in  the pond should be higher -&an the design depth 
so that  data above and below t,bt level  can be secured. !i!his procedure 
should be followed even though ths operating level  is below d e s i p  depth 
on a project not ye t  fu l ly  developecl. 

When more tk in  a single f i l l fng  is required, the refilling may be more 
d i f f i cu l t  than the i n i t i a l  one. Except when gated pipes through the 
dikes have been provided, wter must frequently be pumped inb ponda 
ut i l iz ing upstream and downstream dikes unless the procedure in 3.b. 
i s  followed. It nay be possible t o  ref i l l  a pond upstream of a check 
structure by gravity flow If there is no upstseam d&e. 
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drop, the depth of the porad, the length of t he  pond, and the  ava i l ab i l i t y  
of uater  t o  accomplish r e f i l l i ng .  When the water surface drop8 rapidly, . . 
several  t en ths  of a foo t  per day, refilling m y  be necessary by the t h i r d  * 

day, par t icular ly  if  the  pond depth is 3 feet o r  lese. However, when the 
r a t e  of drop i s  l e s s  than 0.1 foo t  per day, a pond of 4-footdepth or  ' :, , 

more can be  allowed t o  seep up t o  2 weeks before considering r e f i l l i n g ,  
if indeed it is  r e f i l l e d  a t  a l l .  

The longer the pond, the  e a r l i e r  r e f i l l i n g  must be s t e r t ed  since the  
capscity of portable pumps is usuallJr not large enough to  allow rapid 
f i l l i n g .  Obviouslyp the  more volume t o  be restored, t he  longer w i l l  be 
the pumping t i m e .  Frequently, w t e r  fo r  r e f i l l i n g  is stored i n  a pond 
upt ream of the t e s t  section. A da i ly  e e c k  on the  storage water is 
advisable t o  be sure suff ic ient  water renrains t o  replace that l o s t  from 
the t e s t  pond. 

me am in^ S e e s ~ e  Losses - 
With the pond f i l l e d  and a l l  gages operable, measurement of the r a t e  of 
drop i n  the  water surface mag" begin. A suggested form f o r  recording a l l  
data during the t e s t  is shown I n  Figure 8. Conventional practice uses 
the subscripts 1 and 2 f o r  ugstream and downstream gages, respectively. 
The reading of each hook gage is recorded t o  the  nearest  0.001 foot,  and 
the staff gage t o  0.01foot.  The extra columns m y  be used with the 
Remarks column; comments giving the wind and wave conditions prevailing 
a t  t h e  time of reading should be entered. The time of each reading 
should be recorded t o  the nearest  5 minutes. This pract ice  wi l l  usually 
enable the observer t o  read the gages a t  both ends of a pond within a 
s ingle  %minute interval .  In snrall ponds where the seepage r a t e  is high, 
it may be advisable t o  record the  reading to the  neareat 1 minute. 

Uithin a few hours a f t e r  t he  i n i t i a l  readings of the gages, teat personnel 
dl1 have reasonable indication of the. r a t e  of f a l l  of the water surface. 
From this knowledge the required frequency of succeeding readings can be 
determined. If  the pond seems t o  have a high loss  r a t e ,  readings every 
1 t o  4 hours may be required; on the  other hand, f o r  a pond showing a 
very slow r a t e  of drop, l e s s  frequent readings w i l l  be satisfactory.  

I n  one canal t e s t  with a s e e p g e  lose of approxiniately 1.3 cfd, gage 
readings were msde about every 4 hours, day and night. On another canal 
t e s t  where the l o s s  r e t e  was l e s s  than 0.01 cfd, readings were taken i n  
ear ly  morning, midafternoon, and late evening, with no readings between 
10 p.m. and P a.m. Thus, personnel mst decide from t e s t  circumstances 
when to  schedule t h e  taking of data. 

A graph of uater surface elevation versus acclmuhtive t i m e  can be readi ly  
used i n  deciding whether addi t iona l  f i l l i n g s  of the  pond vill be needed, 



diagram i s  shown i n  Figure 9. Curve No. 1 f o r  the f i r s t  f i l l i n g  indicates  
t h a t  the pond e i ther  s e e p  a t  a rapfd r a t e  natukally o r  t ha t  t he  banks 
were dry a t  the beginning of the t e s t ,  or both. Upon r e f i l l i n g  the pond, 
Curve No. 2 shows tha t  the r a t e  of uater  surface drop has decreased. 
Since there i s  wide spacing between the f i r a t  t w ~  curves, a th i rd  f i l l i n g  
seems advisable. Curve 140. 3 with a decreased r a t e  of w t e r  surface 
dro? l i e s  close t o  t ha t  f o r  t he  second f i l l i n g  and indicates  t h a t  t h e  
seepage loss  r a t e s  fo r  the range of elevations plot ted a r e  nearing 
s tEb i l i t y  . 
Additional f i l l i n g s  &&it poduce curves s l i g h t l y  t o  the r i g h t  of No. 3, 
but the practice is one with diminishing returns.  Considerations of 
cost  and prac t ica l  value of the data w i l l  probably prohibi t  addi t ional  
refinement of the  t e s t .  

~omrnr&tion of Loss Rates 

The computetion of loss  r a t e s  i s  dependent u2on knowing the  r a t e  of 
volume loss  end the  wetted area of canal affected. There i s  more than 
one method f o r  combining these factors ,  and a l l  require appreciable 
2eriods of time t o  complete. The one described here Is a conpromise 
between the most exact method known and a l e s s  accurate method which 
does not make use of a complete pond survey. 

The survey notes a r e  used t o  compute two tab les  of cam1 character is t ics :  
(1) the relationship between water surface elevation and water surface 
width, and (2) the  var ia t ion of wetted perimeter with water surface 
elevation. 

The f i r s t  s tep i n  colrpiling these tab les  consis ts  of a c ~ u ~ a t e l y  p lo t t ing  
the canal cross sections t o  a scale  t h a t  w i l l  m k e  aossible  the  measur- 
ing of m t e r  surface widths and wetted perimeters t o  within 0.1 foot. 
Noting the range of water surface elevations involved i n  the t e s t s ,  
water surface widths and wetted perimeters a r e  scaled on each cross 
section from an elevation jus t  below the  lowest t e s t  elevation t o  an 
elevation s l igh t ly  above t h e  highest t e s t  elevation. The increments of 
elevation used w i l l  depend on the s i z e  of canal, depth in the  pond, and 
range of t e s t  degths. For a ~ l l o w  canale of short  bottom width, it is  
advisable t o  compile tab les  of water surface widths and wetted perimeters 
f o r  each 0.1 foot  of depth. In deeper end wider canals, the increment 
m y  be changed t o  0.2 or 0.25 foot  without seriously a f fec t ing  the b 

accuracy of coqutat ions.  

Tables my be compiled with column headings 13s shown i n  Figura lOA and 
10E. Each column under a par t icular  elevation is averaged f o r  a l l  
s ta t ions  t o  obtain the representative cherac te r i s t ics  f o r  the en t i r e  
pond. Since elevations measured i n  the  course of the t e s t s  w i l l  rarely 
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is ao f a r  lbel& the canal invert t h s t  seepage sa tes  a r e  ~ p f f e c ' b e d  by 
it, and a 'greater proportion of seepat,? is through tha bbttom. When a 
curve similar to C i s  obtained, one yn conclude that the rate of lose 
through the sides i a  greater than tha t id rough  the  bottom. An ALnter- 
mediate curve, B, indicates ei ther  theire \ is  no clear  diffr?renc:e i n  
r a t e s  between bottom and sides o r  the k t e r  table  is closi3 enough t o  
the  canal invert t o  influence the rate;. 11 Thus, it is  important to h o w  
the re la t ive  positions of' canal invertjarid a t e r  table. 

I j l  
Knowledge of the seepage r a t e  alone do& !not always prmidu the ciriterion 
f o r  deciding whether t o  l ine  a canal rekc:. For exaqle ,  land adjacent 
t o  a cam1 with insuffitrient natural dm2,asge niay have a Ugh water table  
during the i rr igat ion stsason or  m t e r  s.l;e!nding i n  shallob depressfons. 
It is possible for  a pending t e s t  to  ~ f l h t e  a loss  r a t e  ullich 3.8 any- 
thing but conclusive by usual standards 'kb regard to 1b3.ag:'Q.e reach; 
e.g., the loss  r a t e  m y  be from 0.25 to q175 cfd. Yet, %x*especti.ve of 
th i s ,  it is obvious tha t  the section ms?;;jbe lined to prevent Land.danage. 

.iE 
1-k i s  equally possible t o  have a l o s s  rat4:3 which positively :indicates the 
need for  1-ining, and yet  no danrage t o  adj:f/cent lands is'visu~11Ly evider~t. G 

For t h i s  to be the case, the water tabla $ust be w e l l  below the canal 
invert,  and the subsurface materials must be so permeab:Le tha t  leakage! C ;  
paths are  close t o  vertical.  1 

1 
) I  

Sources of Error I 

Accuracy of loss  r a t e s  established by method w i l l  depend on, 
tb,e at tent ion given to relat ively simple cllstails i n  preparing for and 
conducting the tests .  Dikes and any turnciuts i n  the pond should be 
inspected periodically t o  be sure they art! ,not leaking. If check 
structures have been used, they likewise ~hould be inspected t o  be rrwrs 
stoplogs and canvas a r e  i n  place. bngerr /  of, leakage around the canvas 
can usually be averted by timely placemen$ of more f i l l  materk8,l a t  the 
edges. \ 1 

i 
I '  

Hook or  s taf f  gages not provided with a t i l l i n g  wells can yield lerroneous 
readings of water surface levels  even when: only a l igh t  breeze i s  blod.ng. 
Also, it is  easy to  miaread the gage by a lkull 0.1 foot,  but chucking the 
previous reading, or comparing loss  incrembnts when upstream and do- 
stream gages a re  used, v i l l  usually prevent the error  from being recorded. 
If such an error i s  made, it w i l l  e f fec t  two loss  r a t e  computatious; the b 

ones i n  which the erroneous reading is  the' second, and l a t e r  the f i r s t ,  
of a pa i r  of readings. 

As mentioned earl ier ,  the gages should be mounted inde2endentW of any 
access platform. Observance of t h i s  precaution m y  be t o  no a v a i l  i f  
the t e s t  engineer repeatedly uses the upright a s  a support to h i s  



lay b e  &en stronger where no approach platform i s  preaent 
t e r a l s  and the banks h v e  become slippery. 

any po:?d which shows a rapid drop of the water su~f8ce ,  elevations 
t be ~d.etermined frequently. The longer the time in te rva l  between 
dingab ithe l e s s  accurate w i l l  be the average wetted perimeter f o r  

ntal. range of elevat_ion.. 

which establ ishes  reference elevatione on a l l  gages I s  very 
Only closed c i r c u i t s  should be accepted, and the  allowable 
sure should be i n  keeping with t h e  qua l i ty  of r e s u l t s  
t some time during the conduct of any t e s t  there  w i l l  

e a complete absence of a breeze, and the  pond water surface 
absolutely still. Check readings on a l l  gages, and par- 

the  hook gages, w i l l  reveal  any differences from the  common 
st. Adjustments i n  reference elevations m y  be i n  order 
erences a r e  smll; if they prove t o  be large,  t he  survey 

repeated and addi t ional  check readings mde  on a subsequent 

t i n g  the r e su l t s  from experimental data, nany chances f o r  
calculato:~: errors  w i l l  occur. The existence of large errors  can be 
detected 'by carefully analyzing trends i n  tabular values. Inordinate 
incremen, t i a  or decresents unsupported by the  data a r e  suf f ic ien t  cause 
f o r  suspi1:ion tha t  an error  ex is t s .  Plot t ing the  experimental data w i l l  
reveal  dls:rge errors ,  but smaller ones could go undetected. 

Because '1b.f the  t,i;ne required t o  ref i l l  a pond and t o  repeat a t e s t ,  t h e  
t e m t a t i p p  m y  be'to accept Eeepage r a t e s  established i n  a s ingle  f i l l i n g .  
When seeplage r a t e s  a r e  any other than smell, t h i s  pract ice  could lead t o  
erroneo<e; decisions concerning l ining. Until  bank storage has been 
satisfier9', the  seepage r a t e  w i l l  be higher than nosml.  

I . )  

, s SECTION 11--SEEPAGE METER 
i 

Genera 1 ! j 
I 

The pending method discussed i n  Section I i s  of ten qui te  expensive t o  
use and requires considerable time. A device which o f fe r s  a rapid 
determinr!ition of the  general magnitude of seepage losses  i s  the  seepage 
meter. The meter used by the  Bureau o f  Reclamation i s  a modification 
of an ea;rlier instrliment designed by the Soi l  Conservation Service, and 
both are! versions of a constant-head ?ernmameter. The meter m y  be 
instal le j l  i n  still or  flowing witer and i n  the  s ides  or bottom of an 
unU.ned cana 1. 
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The design principle is lased on the assumption that the r a t e  of uater 
loss  fo r  an isolated surface area of the canal can be measured. !l!he 
forces operating on tha t  area must be identical  t o  those act ing 
simultaneously on a l l  adjacent surfaces. With these considerations i n  
mind, the meter i n  Figures 12 and 13 uas designed. The essent ial  
conrpon~nts are a cup, a bleeder valve, and a ver t ica l  pipe f o r  position- 
ing the meter. 

The cylindrical pa r t  of the cup is 12 inches high and has a cross 
sectional area of 2 square fee t .  A conical top is  provided t o  a id  i n  
the flow of a i r  towird the center and the bleeder valve. IJa ter  is 
supplied t o  the cup through a 3/&inch copper tube i n  the toy, from a 
p las t ic  bag, Figure 14. A l l  joints a r e  welded t o  make the cup mter t ighf .  
Steel straps between the cup and the ver t ica l  pipe prevent the pipe from 
being broken a t  the joint  with the cup, A valve handle extension allows 
opening and closing the bleeder valve in deep uater. 

Operation of the Meter 

Success i n  using the seepage meter is t o  a large extent detmmined by 
the s k i l l  of the operator. W i t h  the bleeder valve open, the meter is 
lowered in to  the uster with the pipe nearly horizontal; thue, m a t  of the 
a i r  i s  freed from the cup before complete submergence. Upon tipping the  
pipe and cup in to  the ver t ica l  position, the remining a i r  can flow t o  
the  cone center and out through the bleeder valve. 

A t  t h i s  stage the meter cup should not have touched the canal bed. The 
meter cup should be moved while submerged over s o i l  not disturbed by the 
operator and then placed on the canal surface. From the time the cup 
edges contact the so i l ,  no horizontal movement should be allowed. 

Several methods of forcing the cup into the  canal bed have been t r i ed  
with varying success. The method currently accepted and causing l e a s t  
disturbance t o  bed materials is  t o  drive the meter into place ver t ica l ly  
with a pipe closed a t  one end, similar t o  a s t e e l  fence post driver. 
Such a driver must have an inside diameter suff icient ly large t o  f i t  
with ease over the l-inch standard cap on the top of the meter pipe. 
While the metes can be instal led by one peraon i n  t h i s  mnner, the 
preaence of two saves the energies of both. I f  two persons a re  available 
and the uater depth is shallow, each m y  stand on the meter cup while 
ualng the d ~ i v e r .  In deep witer, driving mst be accomplisheti from a 
boat or  other support. The depth of cup insertion wil.1 depend on the 
c a m l b e d  material, but i n  no case should the cup be driven deeper than 
9 inches, and i n  most cases 6 inches w i l l  be satisfactory. Experience 
has shown tha t  consistent loss  r a t es  are attained with t h i s  method i n  
48 hours or  less.  



the cup and moving the pipe backward ahd forGrd. ~nspect ion by b u c h  
of the rmterlals surrounding the cup w i l l  probably reveal disturbance 
sufficient t o  require replacement of earth against the circumference a s  
a guarantee of an adequate seal. No inspection of the in ter ior  is 
possible, but t e s t s  conducted on meters s e t  by t h i s  method have shown 
tha t  a pericjh of a week or more i a  neceseary to s tabi l ize  indicated 
seepage losQes. PreLNrrnb.u, t h i s  period must e b p s e  before displaced 
material s e t t l e s  into a position tha t  is stable, though it m y  not 
necessarily i r e t u n  t o  the original  s tate .  . 

!, 

After the mete,---!ss been instal led,  the bleeder valve m y  be closed. As 
long a s  the copper tube in the cone remiins open, no d i f ferent ia l  
prassure v i l l  e d s t  between inside and outside of the cup. If the a t e r  
i s  shallow a t  the time of placement and during a t e s t ,  it will be possible 
t o  connect the copper tube to a f lexib le  p las t i c  tubing from the p las t ic  
seepage bag. When the water is  deeper, one end of a length of p las t ic  
tubing must be connected t o  the copper tube before lowering the cup into 
the water, and the other end temporarily fastened t o  the ver t ica l  pipe 
i n  a position accessible from the w t e r  eurface. Should the meter 
remain mused in the can31 fo r  prolonged periods, the bleeder valve must 
be opened t o  allow escape of s~&ll accumulations of a i r  or gas before 
s tar t ing  a tes t .  

To pepare  the seepage l ag  f o r  use, a short length of p h s t i c  tubing with 
a hose clamp i s  attached t o  the brass bolt. The clamp must stop a l l  flow 
from the bag and should be located close to the bolt. The lmg may be 
tested for  leaks by partly f i l l i n g  with w t e r  and drying the outside 
surface. The bag shou:ld not be f i l l e d  completely because i n  the f i l l e d  
condition, the flexed p las t i c  exerts a pressure on the test ,  area within 
the meter. Before tightening the hose clamp, the air within the bag is  
forced out. A srrusll bubble remining w i l l  not be harmful, but the major 
portion should be expelled. 

I 

The seepage bag must be weighed. Scales fo r  weighing my have pound o r  
gram units,  wst be calibrated, have small divisions and naximum range 
approximately equal i;o the weight of the uater-filled bag to provide 
accurate weights. After weighing, the bag i s  connected to the cup. 
Connection is accomplished with a brass sleeve between the tubing of the 
cup and seepge bag,, The connection is made under a t e r  since a l l  lengths 
of tubing must be f ree  of air. The bag is immersed i n  the water. A t e s t  
i s  begun by simultaneously activating a stopwitch and opening the clamp 
t o  release water into the cup. 

The depth of water a t  the meter side 8hould be the only,head affecting the 
seepage bag. No par t  of the bag should be above the water surface, but it 
may be hung from fhe meter support pipe a t  any elevation below the surface. 
h canals with high flow oelocitiea, the bag should be protected from 
inpact velocity. 
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=tar t o  flow from the bag through the cup and isolated canal are&. The 
clamp is closed, and the stopwatch stopped. The bag is disconnected 
from the cup, the outside is dried, and the bag and contents then weighed. 
The difference between star t ing and final weights converted t o  volume is  
a measure of the seepage loss. 

t 

Comutation of h a s  Rates 

Seepage meter data m y  be recorded on a sheet such as Figure 15. The 
approximate s tat ion of each meter and location i n  bottom o r  aide of the 
canal is  recorded. -4verage a i r  and water temperatures during the t e s t  
should be noted. Becording the depth of water i e  important f o r  re la t ing  
seepage ra tes  t o  the canal design depth; if a t e s t  is conducted with a 
w t e r  surface below design depth, the seepage r a t e  fo r  d e ~ i g n  depth would 
probably be higher than tht measured, and vice versa. 

Scales used by the Bureau of Reclamation for  weighing the seepage bag a r e  
calibrated i n  grams. This gram weight is converted t o  an equivalent 
volume i n  cubic f e e t  by, the I? following formula: 

Cubic feet = 
- - (loss i n  nrams) 

28 , 305 

With the loss  i n  cubic fee t ,  and the net time of the t e s t ,  the r a t e  of 
loss  is computed. 

Seepage ra te ,  cfd = JQ a (f 
test area 72 f t  

= cubic feet/square fwt/day 

Sources of Error 

There a r e  Isany sourcee of errare i n  seepage meter work. Some can be 
controlled or eliminated, while others occur in sp i t e  of the best  

- 

precautions t o  avoid them. In the category of those which can be 
controlled or eUInlirrated are: 

1. Wccura te  weighhg of the p las t i c  bag, before and/or 
a f t e r  t e s t .  

2. Filling the  bag too f u l l  of uater so tba t  the p las t i c  
exerts a force on the enclosed body of water. 

" .  

3. Leakage of water from the p las t i c  t u b b g  a t  the bag, 
C O M ~ C ~ O P ,  CUP. 

18 



*.> I * 

5 .  Instal lat ion of the  &ler resulting i n  a poor seal around 
the cup or excessive distwlatnnce of the bed mterial within 
the cup. d$ 

6. Using a plastic bag with a lieah:. 

7. Placing the p las t i c  bag so that it is  under the influence 
of velocity i n  flowing water. ) 
8. Positioning the p las t i c  bag so tha t  it becomes exposed 
above the water surface dming the t e s t .  'q:: 
9. Forgetting t o  close the valve on top of the cup. 

10. Disturbing the t e s t  arc& by wlking on - it pr9or t o  
installing the meter. .-: . * * 

.,. 
11. Driving the meter so deep tha t  bed materials in the cup >- 

a r e  forced against the top. - 

Among those which nay occur even with reasonable care are: 

I. Irake.ge from the  cup around stray sad or gravel pockets . 
2. locating the meter i n  an area of bed miter ials  not truly 
r e ~ e s e n t a t l v e  of the  general s o i l  types. 

1'  'I\ 
, 3. Instal l ing the meter over a s m c e  of Inflow t o  tine c a d ' .  

! 
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MEASURING SEEPAGE LOSS IN IRRIGATION'qCWNALS 

POND GREATED BY TEMPORARY CANVAS 'BULKHEADS 
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Measuring Seepage Loss In Irrigation Canals 
Building Dike In Canal With Bulldozer 



Measuring Seepage Loss In irrigation Canals 
$2 

Double Dike Installation Showing " E  
Four Pumps For Filling Pond ,"a 
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, ., .,7 - A. Table of water surface widths 
, ,-- 

i 

B. Table of wetted perimeters I! 

( 3 )  (4) (5) ( 6) (7) (8) ( 9 )  (10) 
( =) :', 

(1) (P) 
Water Volme 

AccumulaZted Water Eva poration Corrected surface lost ,  Wetted Average Seepage 
1: 

Date Time time, surface correction, water surface width, cubic perimeter, wetted rate, 
hours elevation fee t  elevation feet  fee t  feet perimeter cfd 

- 

C. Table fo r  complting seepege leasen 

Meaeuring Seepage Loss i n  Irrigation Canals 
Seepage Loss Canputation Sheets 



MEASURING SEEPAGE LOSS IN l RRlGATlON CANALS 
DEPTH vs. SEEPAGE RATE 



Scc1~;tgc- M e t e r  i5 f i t h  P l a s t i c  I3ag 
FOI. Use 111 IJ~~linccI 
OIJC rating Canals 

Figure 12 
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